FIG. 1 



L 



10 



18 



12 



I 



1 



16 



SENSING 
MODULE 



14 



1 



1 



EVALUATION [_] L 

MODULE 



20 



FIG. 2 



18 



1 



30 



£1 



32 



36- 



34 



12 



42- 



44- 



46 



1 



48 



SO 



81 



S2 



40 




L 



50 



PROPERTIES 
IDENTIFIER 



FIG. 4 



(a) 



ZERO 


i 


i 


MEDIUM 
LOW V 


HIGH 


CRITICAL 

^ LIMPNESS 




0 


0.25 0.5 


0.75 1.0 


(NORMALIZED) 



(b) 



ZERO 


i 


i 


MEDIUM 
LOW \ 


SERIOUS 


CRITICAL 

^ DAMAGE 




0 


0.25 0.5 


0.75 1.0 


(Dl) 



FIG. 5 



ANTECEDENT 


CONSEQUENT 


CF 


W 


IF LIMPNESS IS ZERO THEN 


Dl 


IS ZERO 


1.0 


0.0 


IF LIMPNESS LOW THEN 


Dl 


IS LOW 


1.0 


0.2 


IF LIMPNESS MEDIUM THEN 


Dl 


IS HIGH 


1.0 


0.7 


IF LIMPNESS HIGH THEN 


Dl 


IS HIGH 


0.4 


0.9 


IF LIMPNESS HIGH THEN 


Dl 


IS CRITICAL 


0.6 




IF LIMPNESS CRITICAL 


Dl 


IS CRITICAL 


1.0 


1.0 



CF = CONFIDENCE FACTOR AND W = WEIGHT 



(a) 



XA 



FIG. 6 



XA1 XA2 MIDXB2 XB1 XB 




0 0.25 0.4 0.5 0.6 0.8 1.0 



(b) 



YA 



YA1 YA2 MIDYB2 YB1 YB 




0 0.2 0.4 0.5 0.6 0.8 1.0 



Ly 



ZERO 



(C) 



SMALL MEDIUM LARGE MASSIVE 




SIZE 



ZERO 
A 



(d) 



SMALL MEDIUM SERIOUS CRITICAL 




DAMAGE 



0.5 0.75 1.0 (Dl) 



FIG. 12 



ORDER 2 




INPUT KNOTS 



FIG. 13 



(a) 

^^■^ 90^ 


(b) 








36 -^^^ 

t 


-90 


(c) 


(d) 




M 

\ 




90 — 




^90 





FIG. 16 




(b) 



DAMAGE 
INDEX 




0.2 -- 
0.1 -- 

0-1 — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I 
0 90 180 270 360/0 



ROTATION 



FIG. 17 



(a) 



EQUAL DAMAGE LEVELS EQUAL DAMAGE LEVELS 




FIG. 18 

(a) 

VACUUM PICK ACTUATORS 











< 


4 

1 




1 





SLIPPAGE 



GREATER DAMAGE 
ON FRINGES 



(b) 

ENLARGED CRITICAL AREAS 



FIG. 20 



(a) 




